The present study aimed to first describe the work-related outcomes of cancer survivors and to then identify those characteristics that influenced the decision to stop working in rural China. Methods: We assessed 752 cancer survivors (residents of rural areas, working at the time of diagnosis, >1 year since completing treatment) from the cross-sectional study "China Survey of Experiences with Cancer". Participants reported changes in employment status, income, and the ability to perform physical jobs due to cancer, as well as the work-related outcomes of their informal caregivers. Logistic regression analyses were used to examine the association between sociodemographic characteristics, cancer characteristics, and changes in work (ie, continue to work vs not working). Results: The participants were largely farmers (96%), women (56%), younger than 65 years old (69%), and diagnosed with colorectal (31%) and breast cancer (31%).
| BACKGROUND
Of the estimated 18.1 million new cancer cases and 9.6 million deaths from cancer worldwide in 2018, approximately 24% of all cases occurred in China, and 30% of all cancer deaths occurred in China alone, with lung cancer being the most common. 1, 2 Stomach, esophageal, liver, breast, and colorectal cancer were also commonly diagnosed in China. 2 Due to improved detection methods and more effective treatments as well as an overall increase in longevity, the number of cancer survivors continues to increase. 3, 4 Thus, it is increasingly important to understand the lasting effects of cancer survivorship on these individuals' physical, psychological, and social well-being in China.
The ability to return to work actively is important in maintaining family and social roles. Return to work and work ability after cancer should therefore be regarded as critical topics within psychosocial and cancer survivorship research. A meta-analysis of unemployment among cancer survivors found that cancer survivors were 1.37 times more likely to experience long-term unemployment than the general population. 5 A previous study on employment issues showed that most cancer patients, while more likely than the general population to experience unemployment, are able to return to work after treatment, and it also revealed certain risk factors, such as patients' characteristics and work environment. 6 Janet de Moor et al found that cancer survivors who received a treatment summary were more likely to talk about employment with health-care providers than those who did not. 7 Another study documented the effectiveness of various programs initiated by employers, health-care providers, and legislation in helping survivors return to work in developed countries. 8 In China, a large body of cancer disparity research projects has focused on identifying the population characteristics linked to cancer incidence, treatment, cost, and death. [9] [10] [11] Few studies, though, have examined the link between the cancer survivors' population characteristics and work-related issues, especially among rural cancer survivors in China. There is a pressing need for research of this kind since of the over 4.29 million new cancer cases in China in 2015, nearly half of them occurred in rural areas. 2 Studies have shown that cancer and cancer treatments might have more lasting effects on employment among rural Chinese survivors of cancer than their urban counterparts. [12] [13] [14] [15] [16] [17] [18] [19] [20] Rural residents often face greater challenges and limitations in finding employment as a result of China's household registration system (hukou), which has separated rural residents from urban populations. 12 Rural workers usually have no choice but to work in agriculture or labor-intensive industries on short-term and informal contracts. 13 It may therefore be more challenging to return to work after cancer in rural settings where physically demanding jobs are more common. 14 Rural residents also usually have fewer retirement benefits and less legal protection than urban employees. 15 Rural residents are mostly insured by the New Rural Cooperative Medical System, which has less coverage and higher coinsurance rates than the insurance that covers urban employees. 16 Rural patients also have more restricted access to health care due to the shortage of cancer care resources and qualified providers. 17, 18 People living in rural areas are also more likely to be diagnosed at more advanced stages of cancer, 19 and health shock has become a significant cause of poverty or a family returning to poverty. 20 Understanding rural cancer survivors' work-related problems as a result of cancer diagnosis and treatment is essential in assessing their health-related quality of life and financial hardship, and in developing the interventions of rehabilitative and occupational care after primary treatments. Prior studies found that there was a gender wage difference among rural workers worldwide, and the difference was influenced by the combination of human capital difference, compensatory wage difference, labor market segmentation, and labor market discrimination. 21, 22 Luo constructed a theoretical analysis framework of gender wage differentials for rural workers in China. 23 In his research, he described the sociodemographic, human capital, and employment characteristics that result in wage differences. Despite the importance of work-related issues among rural cancer survivors, few studies have paid attention to their ability to return to work. 24, 25 The literature on cancer-related employment and work-related changes, suggests that the employment status of cancer survivors was affected by four groups of factors. [26] [27] [28] Sociodemographic factors include their age, marital status, and educational level. Cancer stage, cancer site, time since diagnosis, fatigue, and physical symptoms are health-related factors affecting employments status. Psychosocial determinants are social support, depression, and anxiety. Lastly, employment factors include the type of work, individual meaning of work, and the relationship with coworkers and managers. To fill this gap in data, this study aimed to describe work-related outcomes among rural cancer survivors and their family caregivers in China, a previously overlooked population. The secondary goal was to identify the various relationships between patient sociodemographics, cancer characteristics, and an end in employment among cancer survivors.
| METHODS

| Study design
We designed the "China Survey of Experiences with Cancer" for cancer survivors in the cancer registry system based on the Cancer Supplement of the Medical Expenditure Panel Survey. 29, 30 The project was funded by the Rockefeller-endowed China Medical Board, and the project covered an area of eight counties and districts to obtain a representative sample of the cancer survivors of Shandong province. In each county or district, about 200 cancer cases were randomly chosen from the local cancer registry. To improve the response rates, local health officials were hired to conduct this household survey and all them received a formal intensive training before the in-person interviews. The project team attempted to contact 2600 patients, but 18% of them had died, 15.7% had relocated, 3.5% had provided the wrong address, and 0.5% declined to participate the survey. Finally, about 1600 respondents were interviewed and completed the questionnaire. The survey was conducted in 2015 and 2016. The more detailed study design has been published previously. 30, 31 This study was approved by the Human Research Ethics Committee at the School of Public Health, Shandong University (20140201). Written informed consent was obtained from all participants before starting the interviews.
| Participants
Patients included in this study were: (a) 18-79 years at the time of cancer diagnosis; (b) diagnosed with colorectal, lung, stomach, or female breast cancers during 2011-2013; (c) registered as members of agricultural households 12 ; (d) worked as farmers or employees at the time of diagnosis; and (e) had completed primary cancer treatments (surgery, chemotherapy, and radiation therapy) more than 1 year ago. In addition, patients with a secondary cancer were excluded. A total of 752 cancer survivors were ultimately analyzed in this study ( Figure A1 ).
| Measures
We collected data including the date of diagnosis, type of cancer, cancer stage, and age at diagnosis from the cancer registry system. The questionnaire was used to collect information on sex, marital status, educational level, household income, residence registration, job/industry type, health insurance type, and the presence of other chronic diseases.
We assessed changes in employment and income by asking the participants several questions, such as "One year after completing the cancer treatment, did you shorten your working hours because of your cancer, its treatment or the lasting effects of the treatment?" and "One year after completing the cancer treatment, was your income (wages, agricultural income, rent, pensions, stock dividends, interest, and social security) reduced because of cancer, its treatment or the lasting effects of the treatment?" The informal caregivers' work and income changes were assessed with similar questions. These questions all had the same answer options: increased; no change; reduced by less than half; reduced by half; reduced by more than a half; stopped working/no longer have any income. We asked the participants to assess "whether cancer, its treatment or the lasting effects of the treatment have impaired your physical or mental work ability."
| Statistical analyses
Descriptive statistics were used to describe the distribution of sociodemographic and clinical characteristics as well as the work-related outcomes of the sample population. The work changes were divided into the following three groups in the univariate analysis: (a) no change; (b) reduced working hours; and (c) stopped working or farming. A chi-square test was conducted to assess the difference in work change status among the sociodemographic and clinical subgroups. We also analyzed the ability to perform physical tasks among different groups of survivors based on their change in work status; Bonferroni correction was then used to correct the experiment-wise error rate when using multiple comparisons. We defined the dependent variable as a dichotomous variable (stopped working vs continued to work) and then used logistic regression models to identify the effect of the various variables on work changes following cancer treatment. Two logistic regression models were constructed by using the data from the female group and the male group; in both cases, the dependent variable was whether the patient stopped working or not. Because of the significant collinearity between job type and health insurance type, only job type was included in the models. All statistical analyses were performed by SPSS, Version 21. All statistical tests in this study were two-sided (P < .05). Table 1 below presents the detailed sociodemographic and clinical characteristics for participants. A majority of the cancer survivors was female (56%), and nearly 70% of them were less than 65 years old. Nearly all participants (96%) were farmers covered by rural health insurance. Just over half of the participants had an education level less than a middle school degree. Nearly two-thirds of the participants had annual household incomes of 20 000 CNY or lower. The predominant cancer sites were breast and stomach in women, and lung and colorectal in men. Sixty-seven percent of survivors completed cancer treatment (surgery, chemotherapy, and radiation therapy) more than 2 years ago. due to cancer and its treatments. Among 331 male cancer survivors, 17% reported keeping their regular working hours; 42% reduced their working hours; and 41% of them stopped working/farming due to cancer and its treatments. The income changes of cancer survivors 1 year after completing cancer treatment were similar to the work changes. Among 752 participants, about 34% of women and 33% of men reported that they had no source of income 1 year after completing cancer treatment. As for informal caregivers, as a result of taking care of those with cancer, 44% of them reported a change in employment status, and 34% of them witnessed a decrease in their income (shown in Figure 3 ). Figure 4 breaks down the three work groups (stopped working, reduced work hours, and no change in work hours) by their ability to perform physical tasks. Even though half of the 155 participants who maintained their regular working hours reported that their ability to do physical work had decreased, they still kept the same working hours as before. Among cancer survivors who kept their regular working hours, 44% of women and 36% of men reported that their ability to perform physical tasks had not been impaired. The majority of those who reduced their working hours or stopped working altogether reported physical ability limitations as a result of cancer. Only 22 (3%) respondents among all 752 respondents reported that they did not need to perform any physical tasks during work.
| RESULTS
| Characteristics of rural cancer survivors
| Work-related outcomes among rural cancer survivors and their caregivers
| Ability to perform physical tasks for rural cancer survivors
Multiple comparisons of the three groups regarding their ability to perform physical tasks show that the participants who kept their regular working hours differed from those who reduced working hours and stopped working (P < .001). However, there was no statistically significant difference between participants who reduced working hours and those who stopped working. Table 2 summarizes the results from the multivariable analysis of the factors that influence the decision to stop working. Among women, survivors with a middle school education level were less likely to report leaving the workforce than those who did not finish primary school (odds ratio [OR] = 0.35, 95% CI: 0.16-0.77). Patients with no physical ability limitations were also less likely to stop working compared to those who did have physical limitations at work (OR = 0.19, 95% CI: 0.08-0.45). Additionally, female stomach cancer patients were more likely to not return to work compared to colorectal cancer patients (OR = 2.74, 95% CI: 1.12-6.74). There were no significant differences in work Among male cancer survivors, participants who were older (OR = 1.06, 95% CI: 1.02-1.10), or had an annual household income of more than 50 000 Chinese Yuan (OR = 9.67, 95% CI: 1.56-59.85) were more likely to report leaving the workforce. Participants who were married tended to continue to work compared to those who were not married (single, widowed, or divorced), with an OR value of 0.23 (95% CI: 0.07-0.77). Participants with a primary school (OR = 0.23, 95% CI: 0.08-0.63) or middle school education (OR = 0.29, 95% CI: 0.10-0.86) were less likely to report no longer working than those who did not finish primary school. Lung cancer patients were more likely to stop working compared to colorectal cancer patients (OR = 2.96, 95% CI: 1.37-6.40). Patients with no physical ability limitations were less likely to stop working compared to those with physical ability limitations (OR = 0.23, 95% CI: 0.06-0.89).
| Factors influencing the decision to stop working
| DISCUSSION
The main objective of this study was to describe cancer-related work outcomes among rural Chinese cancer survivors. Although the significance of employment for cancer survivors has emerged in prior studies, the majority of these studies focused on urban cancer employees with a favorable psychosocial work environment and support service. [5] [6] [7] [8] The results of our study provide evidence of occupational problems among cancer survivors who reside in rural China. In our study, approximately 40% of rural cancer survivors reported that they stopped working or farming due to cancer, which is much higher than that of another study conducted in rural America 
F I G U R E 3 Changes in work hours
and income among informal caregivers (19%). 32 Our study also showed that 39% of rural cancer survivors reduced their work hours; again, this proportion is higher than that of another study conducted in America (31%). 24 These occupational issues are profound as many rural cancer survivors are forced to rely on their limited savings to support themselves or rely on the support of their family members.
Our study has shown that rural survivors were less likely to continue to work after cancer in China. There are several possible factors that may result in rural cancer survivors leaving the work force altogether or reducing their work hours. First, holding multiple jobs is the typical work pattern in rural China. 33 Most peasants, alongside their farm business, are engaged in nonagrarian (eg, transport, industry, mining, and trading) activities to supplement their income. 13 Shifting between these two forms of work-agrarian and nonagrarian-can occur on a seasonal or even daily basis. 33 Carlsen et al have reported that manual labor is a risk factor for unemployment among cancer survivors. 34 This certainly applies to the participants in our study as both the agrarian and nonagrarian activities typical of Chinese rural populations classify as manual labor, with long hours and high intensity, making it difficult for farmers to return to work. 12 To exacerbate this issue, many peasant migrant workers work without sufficient legal protection. The current rural labor market in China exists in a legal vacuum, and the labor relations of agricultural employees are almost completely unprotected by the labor legal system under the current law. 15 Adjusting relevant labor laws and regulations for rural cancer survivors to develop feasible and sustainable workplace policies are urgently needed. Second, related studies have indicated that lower health-related quality of life (HRQoL) was negatively associated with the employment status of cancer survivors. 35 Although this study did not explore the relationship between return to work and quality of life, our previous study found that rural cancer survivors have impaired HRQoL and a substantial proportion (59%) of patients reported pain/discomfort and 39% reported psychological problems. 36 These factors-higher intensity work and lower HRQoL-may explain the high proportion of rural cancer survivors choosing to stop working.
Our study also found that cancer patients with a lower education level were more likely to stop working or farming, a noteworthy finding since low education levels, and the often resulting lower income levels, are typical characteristics of rural populations in China. 37 An anthropological study of Chinese "cancer villages" revealed that residents usually thought that "there [was] no cure for cancer, once you get it, you can only wait to die". 38 This attitude and an overall lack of awareness of cancer may explain the large proportion of patients reporting a negative effect on their employment status. Additionally, compared with low-income families, male patients whose household income was more than 50 000 Yuan were more likely to stop working. Those rural cancer survivors who had more income may have been able to stop working because they had sufficient savings, while those with less money may have felt obligated to return to workforce. However, we found no significant association between household income level and women leaving the workforce. It may be related to the traditional gender concept in rural China that men play the key role in making money, while women mainly play an important role in raising children, supporting the elderly and performing household duties. 39 Our study found that not only did cancer survivors face significant challenges in returning to work, but their caregivers experienced employment difficulties as well. Forty-four percent of family members' employment status changed, and 7% stopped working altogether to provide care even 1 year following the completion of treatment. This is comparable to de Moor's study, which found that 25% of cancer survivors' caregivers made extended employment changes and 12% of caregivers were not employed. 40 This burden often falls on family caregivers in rural areas because of their F I G U R E 4 After treatment, did cancer interfere with your ability to perform any physical tasks required by your job? A, Women; B, men (There are three work groups (stopped working, reduced work hours, and no change in work hours) by their ability to perform physical tasks.). flexible work schedules, 33 allowing them to more easily reduce their work hours, and subsequently causing them to face a decline in income. However, extant studies on informal cancer caregivers in China have mainly focused on their psychological changes and physical health problems. Few studies have addressed employment issues, such as the loss of a family's main source of income, reduced work hours for caregivers, and the loss of opportunities for caregivers to participate in social and leisure activities.
Although the economic burden of cancer survivorship can be calculated by assessing medical costs and productivity loss, 41 our descriptive data regarding changes in cancer survivors and their caregivers' income provides a general understanding of their economic conditions. Even though cancer patients may 
T A B L E 2 Logistic regression analyses
evaluating the association of independent factors with an end in work have insurance programs for catastrophic diseases or medical assistance, 16, 42 our study has shown that the consequences of cancer do not end following treatment. In fact, surviving cancer poses a threat to their families' financial well-being. This was a descriptive, retrospective, cross-sectional study describing the work and financial impact of cancer in rural China. Our main findings provide pivotal information for Chinese policymakers to reduce the burden of cancer, and help health-care providers to recognize the importance of the ability to return to work for working age cancer survivors in rural areas. Unlike prior studies, we examined cancer survivors' employment status and influencing factors stratified by gender. Documenting the financial burden to family caregivers is another strength. Owing to the special cultural context in China, most Chinese cancer survivors mainly rely on their family members in the ensuing daily life, rather than hiring professionals. By describing work-related outcomes among rural cancer family caregivers, we provided a fuller picture of cancer survivorship and its effects on the entire family.
Some limitations should be noted with our study. First, this study was based on a household-reported survey. Potential recall and reporting biases may have occurred during the data collection stage. Second, data on work-related outcomes were reported by the cancer patients. It is possible that cancer survivors underestimated or overestimated the work changes that their caregivers experienced. Third, the lack of a comparison group made up of the general population or of urban cancer survivors makes it impossible to assess whether there are any disparities between the rural survivors and the reference group with respect to the relationship between the explanatory variables and employment status. Finally, this is a cross-sectional study, which cannot collect data on the change in survivors' employment over time. The survey asked about employment changes 1 year after completing cancer treatment, rather than employment changes that may have occurred at any time since diagnosis. We were not able to study short term work changes with the data. Further research should focus on the longitudinal impact of cancer survivorship on employment.
| CONCLUSIONS
This study was a preliminary exploration of the changes in employment among cancer survivors in rural China. The results indicate that cancer survivors living in rural China, compared to those from other studies, had a high proportion of unemployment and work disability. Therefore, the government should develop a comprehensive supportive and survivorship care plan for rural cancer survivors. Cancer prevention and control strategies are needed to address the economic burden of cancer survivorship and broader aspects of well-being. Health care providers should provide support and assistance for cancer survivors to return to work after cancer diagnosis. Lastly, it is necessary to incorporate employment concerns into their treatment and rehabilitation. 
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